Climate change is the burning issue and utmost environmental challenge for the world today and Bangladesh is considered as the most vulnerable in recent days. Besides, due to its geophysical setting Bangladesh coast is frequently visited by the cyclone-induced storm surge. The assessment of impact of climate change induced cyclonic storm surge and evaluation of potential adaptive measures requires use of scientifically based and tested state-of-the-art mathematical modelling tools. In this study SIDR (a severe cyclone that hit the coast of Bangladesh in 2007) has been selected to assess the vulnerability of selected two islands Sandwip and Kutubdia. Three different tracks were simulated to assess the effect of position of Landfall for each island. It is evident from the model results that if SIDR comes with 0.59m Sea Level Rise (SLR) and 1.0m SLR during high tide, maximum surge height above land level will be 5.1 m and 5.5 m for Kutubdia island and 6.5 m and 6.9 m for Sandwip island respectively. If the same cyclone comes with 10% increased wind speed during high tide with 59 cm SLR, surge height may increase by 0.9 m for Sandwip island and 0.45m for Kutubdia island. Again, it has been found from the study that 200m, 400m and 600 m width of Mangrove can reduce the surge height by 12 cm, 15 cm and 18 cm respectively. This reduction is not enough but it reduces current speed to one-third from 1.8 m/s to 0.65 m/s at Sandwip island. As it reduces the current speed to a larger extent it is favourable for the stability of the coastal embankment and other coastal infrastructure. In view of the above it is the high time to revisit the coastal infrastructure to make it climate resilient.
INTRODUCTION
Climate Change is the result of many factors including; the dynamic processes of the earth itself, external forces including variations in sunlight intensity, and more recently by human activities. External factors that can shape climate are often called climate forcings and include such processes as variation in solar radiation, deviation in the Earth's orbit, and the level of greenhouse gas concentrations. Now climate change is the most critical issue for the whole world especially for Bangladesh. Rising global temperatures will bring changes in weather patterns, sea level rise and frequency and intensity of extreme natural events. According to IPCC (AR4, 2007) , intensity and frequency of cyclonic storm will increase in the near future in the Bay of Bengal area. The geological position of Bangladesh coastline is suitable for attracting sever storm surges. The world's highest recorded storm tide was about 12.5 m (about 41 ft) associated with the Bakerganj cyclone in 1876 near Meghna estuary in present-day Bangladesh (SDMC, 2007) . It proves the severity of cyclonic storm surge in our coastal area. Study shows that during the period 1582 to 1997 there were 82 cyclones devastated the coastline of Bangladesh (Jakobsen et al. 2006) . Furthermore, the results based on the analysis of past 22 years of tidal data of the Bangladesh coast reveal that the annual mean tidal level in the eastern Bangladesh coast is rising at an alarmingly high rate of 7.8 mm/year, which is almost twice the observed rate in the western region (Singh, 2002) . In view of the above it can be concluded that sea level will rise and frequency of cyclone may increase in the near future in the coastal area of Bangladesh. As the islands are open to the sea these are more vulnerable than the inland area. A number of studies have already been carried out to assess the vulnerability of the coastal area of Bangladesh but no study has yet been carried out to assess the vulnerability of the coastal islands. According to the size and population Bhola, Hatiya, Sandwip and Kutubdia are the four prominent islands in our coastal area. Considering the tracks of past cyclones and as Sandwip and Kutubdia are bounded by the Bay of Bengal, those two islands are selected as a pilot basis for the study. Figure-1 shows the location of selected islands and descriptions of all these two islands are given below. 
STUDY AREA

Sandwip
Sandwip island is an upazila under Chittagong district with an area of 762.42 sq km and the total population is 4,00,00 (source: Banglapedia) which is bounded by Bay of Bengal. The nearest mainland areas are Companiganj (Noakhali) upazila on the north, Sitakunda and Mirsharai upazilas on the east, Noakhali Sadar upazila, Hatiya Island and Meghna estuary on the west.
SELECTION OF SIMULATION SCENARIOS 3.1. Selection of severe cyclone and synthetic track
Cyclones are extreme meteorological events in the coastal region of Bangladesh. They occur mainly in the pre-monsoon (April-May) and post-monsoon (October-November) when the meteorology becomes unstable especially the temperature increases up to 26 o C to 28 o C and it develops tropical cyclone. Devastating cyclones cross the Bangladesh coast almost every year. In the last 3 years two severe cyclones namely SIDR in 2007 and AILA in 2009 devastated the coast of Bangladesh causing loss of properties and life. During the period from 1960 to 2009 in total 19 severe cyclones hit the coast of Bangladesh at different locations. In this study SIDR (a severe cyclone that hit the coast of Bangladesh in 2007) was selected to assess the vulnerability of selected two islands as it had the highest wind speed compared to other cyclones in the past. SIDR formed in the central Bay of Bengal, and quickly strengthened to reach peak 1-minute sustained winds of 260 km/h (160 mp/h), which made it a Category-5 equivalent tropical cyclone on the Saffir-Simpson Scale (Source: Banglapedia). Cyclone SIDR crossed over the Baleswar river but this kind of cyclone may hit at any part of the coastal area in the near future. As it crossed over the Baleswar river, the left side districts such as Patuakhali and Bhola got severely affected. Naturally the left side district is much more vulnerable than the right side region in case on any cyclone in the Bay of Bengal region as it moves in an anti-clockwise direction. In view of the above, three different synthetic cyclonic tracks were selected for each island to assess the vulnerability of location of Landfall. First track crosses south side, second track crosses middle and the third track crosses the north side of the island. Selected tracks are shown in the Figure- 
Selection of sea level rise and wind speed
The Bangladesh coast is threatened by rising sea level due to various factors such as global warming, ice melting in Himalayas, site-specific siltation and uplifting etc (Sarwar and Khan 2007) . In addition to that it is a densely populated low-lying coastal country of extremely gentle slope comprising broad and narrow ridges and depressions (Brammer et al., 1993) .
According to 4th IPCC report maximum Sea Level Rise (SLR) will be 59 cm by 2100 whereas according to the Synthesis Report from Copenhagen Summit on March 2009 maximum SLR will be Again according to 4 th IPCC report it is evident that if temperature is increased by 2 o C wind speed will be increased by 5% and if it is increased by 4 o C wind speed will be increased by 10%. Considering all of the above data, SLR 0.59m & SLR 1.0m and 5% &10% increase of wind speed have been taken for the further assessment. Flather (1994) maintained that the timing of cyclone landfall and its coincidence with high tide determine the area worst affected by flooding during the 1991 cyclone. Besides, Johns et al. (1985) and Yamashita (1993) maintained that the height of the tidal peak depends on whether the local tide is above the mean sea level or below it but As-Salek and Yasuda (2001) made it clear that, when tide-surge interaction is included, the cyclone that makes landfall before the arrival of the local tidal peak produces higher surges than one that makes landfall after the arrival of local tidal peak. In this study, high tidal event was selected to assess the severity of cyclonic storm surge on the selected islands.
Selection of tide
NUMERICAL MODEL AND RESULT ANALYSIS 4.1. Available and Developed Models Used in the Study
The numerical model was used to investigate the impacts of climate change induced cyclonic storm surge on water level and current speed under this study. Institute of Water Modelling already has their nested coastal model of three different resolutions varies from 5400m to 600m. In case of nested model boundary conditions were applied to coarse model only and coarse model creates boundary for respective fine models gradually. This is like 5400m grid model creates boundary for 1800m grid model, 1800m grid model creates boundary for 600m grid model and so on. Coarse model of IWM comprises of the northern region of the Bay of Bengal with the coastal belt of Bangladesh and part of India and Myanmar, extended up to 17 0 latitude. Murty et al. (1986) recommended that the bottom topographic details should be incorporated in the storm surge models of the Meghna estuary and stated that, ''To represent in detail the real complexities would require very high resolution.'' Besides, AsSalek and Yasuda (1995) reported that ''Swatch-of-No-Ground (SNG)'' affects tidal propagation and line discharges. In view of the above, special attention was given to develop the bathymetry of Bay of The minimum resolution of the available nested model is 600m which seems coarser compared to the island like Sandwip and Kutubdia. The selected islands are much smaller compared to the whole coastal area and the existing nested model was developed to represent that. In view of the above, two dedicated models of different smaller resolutions 200m and 66.66m were developed for each island so that they can represent the island accurately. The new two fine resolution models make the whole model five way nesting. The dedicated two models get the boundary from fine model (600mX600m) of available Bay of Bengal. Model of 200m resolution gets the boundary from fine model (600mX600m) and 66.66 m resolution model gets the boundary from 200m resolution model. Specification of all the models has been presented in the Table-2. Figure-3 shows the extent of five way nesting model in a three separate picture for selected islands Kutubdia and Sanswip. Figure-3(a) shows the extent of three available models of Bay of Bengal. Figure-3(b) shows the extent of two dedicated models of Kutubdia island and Figure-3(c) shows the extent of two dedicated models of Sandwip island. 
List of simulation
The calibrated and validated model was simulated for 36 different options considering 0.59m & 1.0m SLR, position of landfall, increase of wind speed and high tide. The list of simulations for each island is furnished in the Table- Md. M Hasan and Umme K Navera 223
Analysis on surge height
The model was simulated for the above mentioned 36 different options. For any specific SLR and any specific increase of wind speed, three different tracks are simulated and the maximum results are furnished in the Table-4 . It is evident from the model results that if SIDR comes with SLR 0.59m and 1.0m during high tide maximum surge height will be 5.1 m and 5.5 m for Kutubdia island and 6.5 m and 6.9 m for Sandwip island respectively. If the same cyclone comes with 5% increased wind speed during high tide with 59 cm SLR then surge height may increase by 0.44m for Sandwip island. Again if it comes with 10% increased wind speed during high tide with 59 cm SLR then surge height may increase by 0.9 m for Sandwip island and 0.45m for Kutubdia island. It was also found from the study result that track 3 (at the north) generates more surge height than the other two tracks for all the simulations. From the Figure-5 it is clear that track 3 (at the north) creates 1.2m more surge height than track 1 (at the south) and 0.6m more than track 2 (at the middle). However, it can be concluded that if cyclone crosses at the north side of the island, it will create more surge height than any other direction. 
PROPER ADAPTATION MEASURES 5.1. Increasing of embankment height
There is more than 5000km long embankment exists in the coastal area of Bangladesh to resist the tidal flooding and salinity intrusion but which is not suitable to withstand cyclonic surge height. The crest level of existing embankment can be elevated as a measure of adaptation. If SIDR comes during high tide with 1m SLR and 10% increased wind speed, embankment crest level needs to be raised by 6.12m for Sandwip and by 3.2m for Kutubdia island to resist the storm surge inundation (Figure-6 ). But the existing embankment is constructed of mud which may not be sustainable against cyclonic storm surge. In view of the above, strength of the embankment should be confirmed. 
Coastal afforestation
The dedicated models of Sandwip were used to assess the effect of afforestation on the storm surge height and to develop a basis for having the necessary engineering judgement in designing the minimum amount of forest cover to reduce the height of the embankment and to protect it from huge cyclonic thrust. It is too costly for the developing country like Bangladesh to protect all the coastal area with raised and strong embankment. In consideration of the above, performance of coastal plantation is tested against cyclonic storm surge in this study. The experiment has been carried out in the Sandwip island and coastal plantation was placed at the east side of the island. Coastal plantation was incorporated as a basis of resistance number in the numerical models. Three different widths of coastal plantation are placed 200m away from embankment and simulated with SIDR with high tide for the year 2100. The three different types of widths are 200m, 400m and 600m. It is evident from the study that 200m, 400m and 600 m width of coastal plantation can reduce surge height by 12 cm, 15 cm and 18 cm respectively. This reduction is not enough but it reduces current speed to one-third. As it reduces the current speed to a larger extent it is favourable for the stability of the coastal embankment and other coastal infrastructure. Table-5 shows the details of reduction in surge height and current speed. Table 5 . Reduction in surge height and current speed
Re-design of cyclone shelter
There are numbers of cyclone shelters in both the islands but it needs to be redesigned considering the increased surge height due to sea level rise and increased wind speed. In the Kutubdia island the roof top level of cyclone shelter is 6.0 mPWD but from the study it is found that maximum surge level will be 7.7 mPWD in the year 2100 due to SIDR with 1m SLR and 10% increased wind speed during high tide. It is necessary to redesign the existing cyclone shelter considering the climate change impact. 
CONCLUSION
Bangladesh is selected as the most vulnerable country due to climate change according to the Copenhagen Summit 2009 and its coastal area is more vulnerable than any other part of the country due to its geographical settings. Climate change will affect significantly on coastal livelihood, food security and the bio-diversity of the coastal area in the near future. Moreover, according to IPCC 4 th report, both the frequency and intensity of cyclonic storm will increase in the Bay of Bengal area due to climate change. In view of the above, our coastal area is going to face severe difficulties in the near future due to sea level rise and climate change. Now, it is the high time to revisit the existing coastal infrastructure and to find out proper adaptive measures to make a climate resilient coastal environment. The paper has given some scenarios for redesign of existing coastal infrastructure of Sandwip and Kutubdia Island as a pilot basis. The Impact assessment due to the sea level rise and cyclonic storm surge for Sandwip and Kutubdia Island has been made on the basis of existing literature and models. But still there remain some uncertainties such as limitations of models, the lack of full understanding of the climatic 
